There tends to be an inverse relationship between fear of cancer from food and the likelihood that food contains substances that predispose to cancer. Fig 1 illustrates the feedback mechanisms which currently influence the introduction of new chemicals into food production and food processing.
It is fashionable to try to weigh 'risk' against 'benefit' in relation to the use of agricultural chemicals and food additives. But attempts to do this have led to confusion because the point of balance is different in different countries and other factors have to be put into one or other pan. Most concern about, and research on, the safety or toxicity of food chemicals takes place in countries where there is no shortage of food, no risk of famine and only a low risk of death from microbial contamination of food. It is feasible to ban the use of particular pesticides, for example, in such countries because there is no risk that a serious shortage of food will result. The situation can be quite different in an undeveloped country where there is already a shortage of food or which depends on exporting pest-prone foodstuffs for its economic survival. Theoretically, one may divide food chemicals that increase the risk of cancer into two types: (1) Those that act directly on the gastrointestinal tract or on the main organ of detoxification, the liver.
(2) Those that act remotely and increase the risk of cancers of other sites. Interest in the second type has been greatly increased by the discovery of and subsequent research on the carcinogenic nitrosamines. With the partial exception of the nitrosamines, the large majority of known carcinogens increase the risk of neoplasms of the liver and/or gastrointestinal tract when fed to laboratory animals (Roe 1968 ). If any of the chemicals used in agriculture or food processing were potent carcinogens, one might expect to see evidence of higher cancer risk in developed than in undeveloped countries. Unfortunately cross-cultural comparisons of cancer risk between undeveloped and developed countries are vitiated by lack of reliable data from the former. However, from isolated reports and from data collected by certain recently established Cancer Registries it is clear that lack of sophistication in food producing and food processing methods is not an effective defence against the development of cancers of the gastrointestinal tract, particularly of the cesophagus (International Agency for Research on Cancer 1971 , Burrell 1969 and liver (Hutt 1971 , Doll et al. 1966 , Steiner 1954 . It is likely that these cancers are due to substances present in food but until their causation is known it would be premature to point to their occurrence in justification of the use of modern methods of food production and processing.
A more reliable indication that the overall effect of the use of chemicals in food production and processing is not associated with increased cancer risk comes from a consideration of the changes in cancer risk in countries where there has been a revolution in food processing methodology during the present century. There has been no increase in the incidence of primary liver cancer in the United States or Western Europe from the relatively low level prevailing at the turn of the century. During the same period mortality from cancer of the stomach has fallen sharply in the United States (Haenszel 1958) and less sharply in Britain (Doll 1967) . In Britain the age-standardized risk of death from cancers of most other sites has either been stationary or has fallen since the turn of the century (Case 1956). Occupational cancer hazards and smoking rather than food additives are thought to be mainly responsible for increasing risks of death from cancers of the bladder and lung. A small increase in risk of death from cancer of the kidney is confined to men. The risk of death from leuktmia which rose for a while may now have passed its peak although this will not be clear until accurate death rates based on the 1970 census are published.
These figures provide some reassurance but do not, of course, prove that none of the chemicals that are now being added to food carries a cancer risk. Increasing risks associated with new processes may have been matched by falling risks occasioned by the abandonment of older processes and the effects of recently introduced chemicals may not yet have been seen.
Traditional versus New FoodProduction andProcessing Methods
In relation to the time that man has been interfering with natural processes in order to obtain and preserve the food he requires for survival, the idea that he needs to test the safety both of the methods he uses and of the food constituents themselves from the point of view of cancer risk is extremely recent. Consequently, there is a very large backlog of testing to be done. The knowledge that some of the most powerful cancer-inducing agents such as aflatoxin (Ambrecht 1972 ) and 3,4-benzopyrene (Food and Cosmetics Toxicology 1965 , 1966 , 1967 may be natural contaminants of human foodstuffs has undermined the once widely held view that 'if it is natural, it is safe'. Man's capacity to observe and make use of his observations can be relied upon to preserve him from acute toxic hazards from food through the practice of hygienic measures based on folklore.
However, no such reliance can be put on man's ability to detect insidious cancer hazards where many years may separate exposure to cause and manifestation of effect.
At present the emphasis of testing is on chemicals that have not yet been introduced into the human environment. It is legislatively easy to enforce the testing of such chemicals. The testing of these new chemicals should serve to avoid the introduction of new cancer hazards into the environment but cannot be expected to reduce any part of the existing cancer burden that is associated with what people eat.
Regulatory Bodies
The pattern has grown up whereby each country has developed its own food laws which control, amongst other things, what chemicals may or may not be added to food or used in agriculture in relation to the production of food. Legislation is variously based on either prohibited or permitted lists and relies for enforcement on inspection, sampling and a system of analytical checks. In England and Wales, under the 1955 Food and Drugs Act legislation has taken the form of control by permitted lists. The latter are drawn up on the advice of the Food Additives and Contaminants Committee (FACC) which, in turn, is advised on toxicological matters by its Pharmacology Subcommittee." Special problems in the field of carcinogenesis may be referred to the Carcinogenesis Panel2 of the Department of Health and Social Security. The continued permission to use each chemical is reviewed at fiveyear intervals in the light of all available toxicological evidence. Chemicals are considered in groups according to their function, e.g. preservatives, colours, emulsifiers and stabilizers. On each review substances are classified as follows:
Group A: Additives that the available evidence suggests are acceptable for use in food. Group B: Additives that on the available evidence may be regarded meantime as provisionally acceptable for use in food, but about which further information is necessary and which must be reviewed within a specified time.
Group C: Additives for which the available evidence suggests possible toxicity and which ought not to be allowed in food without further evidence establishing their acceptability. Group D: Additives for which the available evidence suggests probable toxicity and which ought not to be allowed in food. Group E: Additives for which the available evidence is inadequate to enable an opinion to be expressed as to their suitability for use in food. Group F: Additives for which no information on toxicity is available.
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The safety of pesticides used in food productior and storage is controlled by a voluntary registration scheme operated by the Ministry of Agriculture, Fisheries and Food with the guidance of tht Advisory Committee on Pesticides and other Toxic Chemicals and its various Subcommittees and working parties.
Nowadays, before sanction to use a new chemical as a food additive is granted, a need for it must be established by the food producer or manufacturer who wants to use it. The granting of permission will also depend on there being a satisfactory specification, specific and accurate methods of detection and analysis, information on absorption and metabolism in several species including man and satisfactory acute, short-term, long-term, reproduction and teratogenicity studies in animals. Guidance in respect of carcinogenicity is given in a pamphlet published by the Ministry of Health in 1960 (Dodds 1960 ). Longterm feeding tests at several dose-levels on two species of animal with adequate survival and complete histopathological evaluation is normally required. A significant excess of malignant neoplasms in a test group as compared with a negative control group is sufficient to rule out the use of a chemical for food use irrespective of all other considerations. In the absence of human data, it is normal to require evidence of no toxic effect in animals at levels of incorporation in food 100 times higher than those proposed for man. This factor may be reduced to 10 where satisfactory human data are available. A joint FAO/ WHO Committee considered the methods to be used in the evaluation of food additives for carcinogenicity in 1960 (WHO Technical Report Series 1961), but some of the views expressed at that time would have to be revised if they are to be in line with those expressed in 1968 concerning the principles for the testing and evaluation of drugs for carcinogenicity (WHO Technical Report Series 1969). Other relevant publications are one by the UICC on carcinogenicity testing generally (Berenblum 1969) and one by the USA Food and Drug Administration Advisory Committee on Protocols for Safety Evaluation (1971) .
The Nonsense ofthe Concept ofZero Tolerance Nobody knows whether there is a threshold dose for any carcinogen below which it produces no effect. However, it is widely assumed that the effect of a carcinogen is irreveisible and that the effects of a series of exposures to a carcinogen are cumulative. For these reasons, legislation in the United States is based on the 'Delaney cancer -lause' to the 1958 Amendment of the Food, Drug and Cosmetic Act (Public Law 85-929). According to this clause no substance that has been shown to cause cancer (i.e. a malignant tumour) in man or any other animal species shal be added to food. This regulation would make good sense (1) if it were possible to distinguisi absolutely between carcinogens and noncarcinogens by means of animal tests, (2) if it wen possible to devise a diet that was free of naturally occurring carcinogens, and (3) if the effects ol carcinogens were really irreversible. I have pointec out elsewhere (Roe 1968 ) that neither of the firsi two conditions can be met. Recently, my colleagues and I have published evidence of reversal of tumour initiation (Roe et aL 1972) .
Epidemiologists concerned with cancer have adjusted the terminology they use to the knowledge that cancers are multifactorial diseases. Accordingly they refer to increased cancer risks in association with exposure to particular environmental agents. A deliberate experiment on laboratory animals is basically not different from a small but well-controlled epidemiological study in a human community. It is now clear that the experimentalist cannot completely control the conditions of his experiment and can never produce results which enable him to make an absolute distinction between carcinogens and co-carcinogens. It would be better, therefore, if the experimentalist, like the epidemiologist, expressed his findings in terms of relative risk and refrained from labelling substances as 'carcinogens'.
Personal View I believe that it will never be possible to devise a human diet that is entirely free of carcinogenic risk. I therefore suggest that future decisions should be based on assessments of relative safety and relative risk. Common sense as well as data from animal studies should be used to devise a dietary for humans that carries the least overall carcinogenic risk from all sourcesfood constituents as well as additives and contaminants. The present preoccupation with new chemical additives to the exclusion of natural food constituents and natural contaminants is illogical if not absurd. Testing is expensive and facilities for it are limited. It is important that the limited resources for testing are used in the ways most likely to reduce the overall human cancer burden, but this should not be done without recognizing that malnutrition and famine constitute far worse dangers than cancer in many parts of the world. Dr (Campbell & Funkhouser 1966) and nitrosamines (max 14 parts/109) (Magee 1971) are present in some foods consumed in Western countries. Since these agents are potent inducers of cancer in experimental animals the small amounts present in food cannot be entirely ignored.
At the moment there is no acceptable way of assessing the carcinogenic activity at these low levels, so that it becomes a matter of some urgency to ensure as far as possible that no carcinogenic risk arises from the chemicals added to food in order to improve its colour, shelf-life or flavour, and those that find their way into food from various manufacturing procedures or agricultural practices.
Rats and mice and to a lesser extent hamsters are the species found by experience to be the most suitable for the screening of compounds for carcinogenic activity. The dog was extensively used in the past, but the cost of keeping the large numbers necessary for an adequate screening programme is prohibitive and this species is now recommended only for testing the carcinogenicity of aromatic amines. Other species have been found less useful: the guinea-pig because it is alleged to be resistant to the development of tumours, and the rabbit because of the difficulty in maintaining the animals in a fair state of health for the time required for the development of tumours.
Despite several years' experience, it is not yet possible to devise the ideal protocol for a screening test for carcinogenic activity. The standard tests now in use are at best a compromise on a number of desirable features. From a statistical standpoint, the larger the numbers of animals, the greater is the degree of certainty with which a low increase in tumour incidence can be detected in the test group. Theoretically, as many as 3 x 106 animals are thought to be ideal for this purpose (Food and Drug Administration Advisory Committee on Protocols for Safety Evaluation: Panel on Carcinogenesis 1971). Obviously such large numbers are impracticable from the point of view of cost and accommodation, considering the large number of chemicals that need to be tested. Small numbers such as those commonly used for carcinogenicity testing (say 100-200 rats or mice) are suitable for, detecting carcinogenic activity if large doses are given. In these instances the large doses ensure that the animals are exposed to the maximum possible risk of developing cancer from that substance. This approach is useful for detecting any carcinogenic activity present in relatively pure compounds, such as drugs or food additives, but it is not valid for detecting the activity of the small amounts of carcinogens present in the environment. For this purpose there is no substitute at the moment for using fairly large numbers of animals in order to obtain data that can be analysed statistically to an acceptable confidence limit.
Despite high doses or large numbers of animals, it may sometimes be impossible to connect an increased tumour incidence with the compound given, on account of a high natural incidence of tumours in the group of animals employed. Some assistance in this direction may be given if one uses more than one test group, say two or three, at different levels of treatment. A dose-related increase in the incidence of a particular tumour would, in these circumstances, provide some evidence for an etiological relationship with the compound administered. Further evidence in this direction would also be provided from a careful examination of the latent period, since this tends to be shorter when the carcinogenic agent is administered at higher doses.
The duration of carcinogenicity experiments also presents some problems. It is desirable to treat animals as long as possible in order to achieve a 'life-span' exposure. This might lead to considerable wastage since animals may die and escape detection for several hours by the supervisory staff.
These comments are applicable mainly to tumours induced by oral administration, but they
